The profound effects of pyridoxine deficiency on cellular growth, i.e. production of lymphopenia (Weir & Mueller, 1951) , impairment of rate and quality of wound healing (Bosse & Axelrod, 1948) , inhibition of viral replication (Leftwich & Mirick, 1949) and tumour growth (Bischoff, Ingraham & Rupp, 1943; Miller, Baumann & Rusch, 1945; Littman, Taguchi & Shimizu, 1963) , suggest a possible role for this vitamin in nucleic acid metabolism. It has been established that pyridoxal phosphate is involved in the production of 'active formaldehyde' via the glycine-serine interconversion. 'Active formaldehyde' participates in the biosynthesis of purine bases and of thymidine from deoxyuridine 5'-phosphate (Greenberg, 1961 (Greenberg, , 1963 Buchanan, 1960; Crosbie, 1960) . These related observations stimulated the present investigation of nucleic acid metabolism in the pyridoxinedeficient rat. A preliminary report of part of this work has appeared (Trakatellis, Axelrod & Montjar, 1964) .
MATERIALS AND METHODS Animals and diets. Male weanling albino rats of the
Holtzman strain were used. The care of the animals, the composition of the control and pyridoxine-deficient diets and the treatment of inanition controls were as described by . The inanition controls received daily an amount of basal diet equal to that consumed by a pyridoxine-deficient partner. All other animals were fed ad libitum. The food intake of pyridoxine-deficient animals receiving pyridoxine 24hr. before being killed was limited during this period of pyridoxine administration. Solutions of pyridoxine (5mg./ml.) and of the pyridoxine antagonist, deoxypyridoxine (2mg./ml.), were prepared in 0.9% NaCl and adjusted to pH7-2 for intraperitoneal injection.
Preparation and counting of nuclei. Nuclei, prepared by the procedure of Fischer, Holbrook & Irvin (1963) Farr & Randall (1951) , DNA by the diphenylamine reaction according to the method of Burton (1956) , and RNA by the orcinol reaction (Schneider, 1957 thymidine (specific activity 6-7c/ m-mole), was obtained from the New England Nuclear Corp. Iso-osmotic solutions of these compounds were prepared and adjusted to pH7-0. After 7-9 weeks each rat, except those injected with thymidine, received an intraperitoneal injection of 5,uc of the described labelled compound/lOOg. body wt. and was decapitated 4hr. later.
[Me-3H]Thymidine was injected intraperitoneally at 10,uc/100g. body wt. and the animals were killed 24 or 66hr. later. DNA and RNA samples were prepared from liver and spleen as described above, portions taken for chemical analysis, and the samples dried completely in a vacuum oven at 900. DNA was dissolved in 1 ml. of 1 MHyamine 10-X hydroxide [a solution of p-(di-isobutylcresoxyethoxyethyl)dimethylbenzylammonium hydroxide in methanol purchased from Packard Instrument Co., La Grange, Ill., U.S.A.] at room temperature. After 30min.
9ml. of a 0.5% (w/v) solution of 2,5-diphenyloxazole in toluene (Packard Instrument Co.) was added and radioactivity was measured in a Packard Tri-Carb liquid-scintillation spectrometer. 1M-Hyamine 10-X hydroxide (2 ml.) was added to the RNA sample at room temperature, the whole stirred with a glass rod, and after 1 hr. centrifuged to separate the salts. The salts, consisting mainly of KCI, were washed twice with 1 ml. portions of 1 M-Hyamine 10-X hydroxide. Negligible amounts of radioactivity were present in the final salt precipitate. A portion (1 ml.) of the combined Hyamine extracts was diluted with 9ml. of a 0 5% solution of 2,5-diphenyloxazole in toluene and radioactivity measured as described. DNA and RNA samples prepared as above from animals that had not received any labelled substance served as blanks. Counting efficiency was approx. 54% for 14C and 17.7% for 3H.
Maximal deviation between duplicate samples above 100counts/min. was less than 10% of the mean, and that above 1000 counts/min. was less than 5% of the mean. li. gi. 44 corresponding increase in DNA concentration/mg. of spleen. In contrast, neither the number of cells nor the DNA concentration/mg. of liver tissue was affected in pyridoxine deficiency. No significant effects of pyridoxine deficiency on RNA or protein concentrations of liver or spleen were observed (Table 2) . In these studies, values were based on the wet weight of tissues. This basis is a valid one since repeated analyses in our Laboratory have failed to demonstrate an effect of pyridoxine deficiency on the state of hydration of these tissues. Incorporation studies with [14C] formate yielded the finding of an apparent increased incorporation of radioactivity from this precursor compound into DNA and RNA of both liver and spleen in pyridoxine-deficient animals ( Table 3 ). The effect on incorporation into spleen DNA was most pronounced. Administration of pyridoxine 1 day before the rats were killed was again capable of reversing these changes.
In direct contrast, pyridoxine deficiency resulted in a decreased incorporation of radioactivity from DL-[3-14C]serine into spleen and liver DNA and RNA (Table 4) , from [8-14C]adenine into spleen DNA and RNA (Table 5) , and from [Me-3H]thymidine and [2-14C]deoxyuridine into spleen and liver DNA (Tables 6 and 7 ). There was an added effect of deoxypyridoxine on the decreased incorporation of radioactivity from DL-[3-14C]serine into spleen DNA and RNA (Table 4) , and the prior administration ofpyridoxine reversed the changes in incorporation of radioactivity from DL-[3-14C]serine and [8-14C] adenine (Tables 4 and 5) .
Pyridoxine deficiency produced no changes in the incorporation of radioactivity from L-[Me-14C]-methionine into spleen RNA and DNA and liver RNA and only a slight decrease of incorporation into liver DNA (Table 8) No effect of the deficiency state on the incorporation of radioactivity from L-[Me-14C]methionine into RNA would be expected. The biosynthesis of methylated derivatives of RNA, e.g. 2-methyladenine, 6-N-methyladenine, 6-dimethylaminopurine, methylated derivatives of guanine and 5-methylcytosine, involves transmethylation with S-adenosylmethionine, and pyridoxal phosphate has not been implicated in this process (Greenberg, 1963) . Incorporation of radioactivity from L-[Me-14C]methionine into DNA is limited, since the biosynthesis of thymidylic acid involves the participation of 'active formaldehyde'.
The decreased capacity of pyridoxine-deficient animals for the biosynthesis of DNA with the subsequent deleterious effect on cell multiplication could well explain the adverse effects of this deficiency on immune responses (Axelrod & Pruzansky, 1955; Axelrod, Trakatellis, Bloch & Stinebring, 1963; , as well as on phenomena, discussed in the introduction, that also demand an accelerated cellular growth.
The incorporation of valine into tissue protein in vivo is decreased in pyridoxine deficiency . The present results suggest the possibility that this effect may result from a decreased production of the necessary messenger RNA in this deficiency state.
